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ESTABLISHED WITH DELAYED IDENTITY MATCHING TO
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Students with academic deficits learned delayed matching-to-sample tasks that used complex sample
stimuli, each consisting of a picture and a printed word. A touch to the sample complex removed
it from the computer display and produced either picture comparisons or a choice pool of letters.
If the comparisons were pictures, selecting the picture identical to the preceding sample was
reinforced. If the letters appeared, letter-by-letter construction of the preceding printed word sample
was reinforced. The procedure engendered new constructed-response spelling performances and
arbitrary relations among pictures and printed words in matching to sample. The emergence of
relations among different sets of printed words (paired with the same pictures) suggested classes of
equivalent stimuli. Outcome tests involving spoken words as sample stimuli suggested expansion
of subjects' spelling repertoires and stimulus classes.
DESCRIPTORS: language arts instruction, spelling, stimulus equivalence, matching to sample,

special education

Studies of stimulus equivalence contribute to the
analysis of the relationships among language skills
and illuminate how methodological factors may
influence potential training outcomes (e.g., Mac-
kay, 1991; Mackay & Sidman, 1984; Singh &
Singh, 1986; Stromer, 1991; Stromer, Mackay, &
Stoddard, 1992). Sidman's (1971) classic study
of equivalence is illustrative: A youth with mental
retardation was able to perform the receptive task
of matching picture comparison stimuli to their
spoken names presented as sample stimuli and the
expressive task ofnaming the pictures aloud. How-
ever, the subject was unable (a) to match printed
words to the same spoken words, (b) to match the
printed words to the pictures, (c) to match the
pictures to the printed words, or (d) to name the
printed words. The subject then learned to match
printed words to spoken words, a form of auditory
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receptive reading. Remarkably, the three remaining
performances emerged without direct teaching. The
emergence of matching printed words to pictures,
and vice versa, qualify as rudimentary forms of
reading comprehension; naming the printed words
qualifies as oral reading.

The matching-to-sample performances that
emerged in Sidman's (1971) study suggest the
formation of dasses of equivalent stimuli. Equiv-
alence dasses are verified when two or more in-
dependently established stimulus relations have a
stimulus term in common and when the properties
of reflexivity, symmetry, and transitivity are
demonstrated behaviorally (Sidman & Tailby,
1982). The property of reflexivity is verified by
generalized identity matching with the experimen-
tal stimuli. Symmetry is verified if the sample-
comparison relations trained directly are reversible:
Ifpicture samples control selections ofprinted-word
comparisons, the printed words should control se-
lections of the pictures. Transitivity is verified by
the emergence of new stimulus relations involving
those trained separately but linked to one another
by a common stimulus. For example, if spoken-
word samples control selections of picture com-
parisons, and the same pictures control selections
of printed words, then the spoken words should
control selections of the printed words.
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In Sidman's (1971) study, the relations estab-
lished between the spoken-word samples and pic-
tures (before the experiment) and between the same
spoken words and printed words (within the ex-
periment) provided the prerequisites for assessing
equivalence. The performances that emerged among
printed words and pictures permit an inference of
both symmetry and transitivity that, in turn, sup-
ports an inference of equivalence class formation,
each class consisting of a spoken word, a picture,
and a printed word (for details of such "combined
tests," see Sidman, 1986, 1990; Sidman & Tailby,
1982).
Mackay (1985) extended Sidman (1971) by

analyzing spelling performances in the context of
stimulus equivalence (see also Mackay & Sidman,
1984). Subjects with mental retardation displayed
the same initial performances as Sidman's subject,
but the stimuli were colored patches and their cor-
responding spoken and printed words. Next, they
learned an anagram spelling performance that in-
volved constructing words with individual letter
tiles. For example, given a patch of yellow as the
sample stimulus, the subjects learned to rearrange
the letters 1, w, y, 1, e, and o to "spell" the word
yellow. Subjects then showed the same emergent
performances observed in Sidman's study, sug-
gesting the formation of equivalence classes.

Dube, McDonald, McIlvane, and Mackay
(1991) recently described a computerized version
of Mackay's constructed-response spelling proce-
dure. Their procedure involved displaying a printed
word with its picture as a complex sample and
gradually fading out the printed word. Here, we
describe a computerized method for establishing
word constructions to pictures without the need to
research and develop such fading programs, and
extend Dube et al.'s work further by asking whether
the procedure provides the basis for equivalence
class formation.

Our procedure involved either delayed indentity
matching of the pictures or delayed construction of
the words presented in complex sample stimuli,
each composed of both a picture and a printed
word. Put simply, the procedure encouraged look-
ing at, and remembering, both the picture and the

printed word. For example, in an initial training
phase, the sample complex involved a picture of a
dog and the printed word dog. A touch to the
sample removed it from the computer display and
immediately produced the comparison stimuli. On
some trials the comparison stimuli were pictures,
and selecting the picture of the dog was reinforced.
On other trials, a pool of letters appeared, and
selecting the letters d, o, and g in that order was
reinforced. As in spelling more generally, construc-
tion of the printed word required discrimination of
each of the letters in the word and their left-to-
right order.

The critical training next involved pairing dif-
ferent printed words with the same pictures used
initially. For example, one new complex sample
involved the picture of the dog and the printed
word canine. On some trials, selecting the identical
picture was reinforced as before; but on other trials,
selecting the letters c, a, n, i, n, and e was rein-
forced. Performances assessed without further
teaching included (a) constructing the word canine
to the picture of dog, (b) matching the word canine
and the picture of dog to one another, and (c)
matching the words dog and canine to one another.
The emergence of relations between the new and
the initial printed words would satisfy the require-
ments of symmetry and transitivity and would sug-
gest the formation of equivalences (cf. Sidman &
Tailby, 1982). Such results would also replicate
previous findings with college students using com-
plex-sample procedures (Stromer & Stromer, 1990a,
1990b). In the final phase of the study, we assessed
constructed-response spelling with spoken words as
sample stimuli; we also examined the expansion of
equivalence dasses by assessing the emergence of
relations between printed and spoken words (e.g.,
matching the printed word canine to the spoken
word "dog").

METHOD

Subjects and Setting
Three boys, 9 to 13 years of age, participated.

Each boy was enrolled in a private, nonprofit, ther-
apeutic day school providing services for students
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Table 1

Subject Characteristics

Curt Andy Bill

Chronological age (years-months) 9-7 11-3 13-11

Intelligence testinga
Verbal IQ 95 80 69
Performance IQ 74 93 68
Full-scale IQ 84 85 67

Achievement testing (grade equivalent scores)
Readingb 2.7 1.8 1.3
Spelling' 2.5 2.5 2.2
Arithmetic' 3.2 3.5 5.3
General information' 5.6 3.4 3.9

aWechsler Intelligence Scale for Children-Revised.
bWoodcock Reading Mastery.
' Wide Range Achievement Test.
dKeymath Diagnostic Arithmetic Test.
'Peabody Individual Achievement Test.

with emotional, behavioral, and learning disorders.
Classrooms at the school were ungraded but were
administratively organized into elementary-, mid-
dle-, and secondary-school programs. Curt and Andy
participated in the elementary program, and Bill
was in the middle-school program. Table 1 sum-
marizes data from standardized tests. Curt partic-
ipated in a prior study of delayed matching to
sample; Andy and Bill were experimentally naive.
Except for unavoidable schedule changes, three ses-
sions were conducted each week (Monday,
Wednesday, and Friday) in a quiet area at school.
A trainer, seated behind and to the subject's right,
monitored all sessions.

Apparatus
A Macintosh® computer with a touch-sensitive

screen presented stimuli, recorded responses, and
stored session data for analysis (Dube & McIlvane,
1989). Visual sample stimuli (pictures and printed
words) appeared at top-center in the computer dis-
play (Figure 1); auditory samples (digitized spoken
words) were presented by a speaker attached to the
computer. The sample area was also used to display
the words constructed during spelling trials. Com-
parison stimuli were presented in the lower portion
of the display and were either trios of pictures or
printed words or displays of 10 letters. The loca-

tions at which visual samples and comparisons ap-
peared functioned as response "keys." Other as-
pects of the computerized procedure are described
below.

Phase 1 Procedure
Overview and design. Table 2 outlines the pro-

cedures. A pretraining phase acquainted subjects
with the operation of the computer and some of
the basic tasks. Subsequent conditions established
new constructed-response spelling performances and
three four-member stimulus dasses. The "dog dass"
consisted of a picture of a dog and the printed
words dog, canine, and pisces; the "cat class"
consisted of a picture of a cat and the words cat,
feline, and virgo; the "owl class" consisted of a
picture of an owl and the words owl, avian, and
taurus. In addition to the pictures there were three
sets of printed-word training stimuli: dog, cat, and
owl (Set 1); canine, feline, and avian (Set 2); and
pisces, virgo, and taurus (Set 3). The influence of
extraexperimental variables was minimized because
the matching relations studied involving Set 3 words
had no "real-world" basis but were experimentally
contrived (e.g., matching the printed words pisces
and canine to one another).
A multiple baseline design was used to assess

outcome performances derivable from the three
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Figure 1. Panels depict computer display
types used during pretraining with Set 1 stimu
ofthe experiment. Top four panels illustrate mat
comparisons to picture samples (Pic/Pic), ma

printed words to one another (PW1/PW 1), ma
ed words to pictures (Pic/PW1), and vice versa

Panels 1 through 4 depict constructed-resp4
matching (PW1/CRI); bottom panel depicts
response matching (spelling) to pictures.

training conditions (cf. Homer & Baer,
tially, all relevant relations involving t

and printed words from Set 1 were train
outcome performances with the other st

I/PW1 then pretested (Tests 1 through 7). Accuracy scores
on these tests were expected to be below or near
chance levels. Next, training directly related the
same pictures with words from Set 2, and the
outcome tests were repeated. At this point we an-

oVA ticipated increases only in performances involving
the pictures and printed words from Sets 1 and 2

1/Pic (Tests 1 through 3); all other performances should
remain at pretest levels. Finally, training was given
using the same pictures and words from Set 3, and
the outcome tests were repeated again. These tests

--------- should now reflect increases in all remaining per-
formances (Tests 4 through 7).

Pretraining with Set 1. Subjects were first giv-
en six simultaneous matching tasks involving pic-
tures of a dog, cat, and owl and their corresponding
printed words (Set 1). The top left panel in Figure
1 shows a trial requiring selection of a picture

c m comparison given a picture sample. This task is
t u denoted Pic/Pic to express the sample-comparison

relation. Three other tasks are PW1/PW1 (match-
ing Set 1 printed words to one another), Pic/PW1
(matching Set 1 printed words to pictures), and
PW 1/Pic (matching pictures to Set I printed
words). Panels at the bottom depict a constructed-

ct n response trial in which the sample stimulus is a

printed word (PW1/CR1). The subject's task was
to touch letters from the choice pool that corre-
sponded to the printed-word sample. For example,
with the printed word dog as the sample, a touch
to the letter d moved it from the choice pool to
the construction area; subsequent touches to letters
o and g moved the letters to the construction area
and completed the trial. A similar task with picture

FS of six trial samples (Pic/CR1) was also pretrained. Blocks of
ili in Phase 1 six trials were given on each pretraining task in the
tching picture order listed in Table 2. The criteria were one session
itching print- with (a) an accuracy score of 5 of 6 or better on

(PWl/Pic). each of the six tasks and (b) at least 92% accuracy
onse identity across all 36 trials.
constructed- All trials began with a sample stimulus displayed

in the upper window of the computer display. Dur-
ing simultaneous matching trials, touches to sample

1978). Ini- stimuli added comparison stimuli that remained on
he pictures the display until completion of the subject's com-
Led; various parison selection or word construction. Selections
timuli were of a correct comparison or correct word construc-
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DELAYED MATCHING TO SAMPLE

Table 2
Outline of Procedures and Trial Types Used in Phase 1

Pretraining with Set 1 (dog, cat, owl)
Pic/Pic: Matching pictures to pictures
PWI/PWI: Matching Set 1 printed words to one another
Pic/PWL: Matching Set 1 printed words to pictures
PWI/Pic: Matching pictures to Set 1 printed words
PWI/CRI: Constructing Set 1 words to printed words
Pic/CRI: Constructing Set 1 words to pictures

Further training with Set 1

Pic/CRI: Constructing Set 1 words to pictures
PWI/Pic: Matching pictures to Set 1 printed words
Pic+PWI/Pic: Matching pictures to complex samples

(pic + Set 1 words)
Pic+PWI/CRI: Constructing Set 1 words to complex

samples (pic + Set 1 words)

Testing

Test 1: Pic/CR2: Constructing Set 2 words to pictures
Test 2: Pic/PW2: Matching Set 2 printed words to

pictures
PW2/Pic: Matching pictures to Set 2 printed

words
Test 3: PW1/PW2: Matching Set 2 printed words to

Set 1 printed words
PW2/PW1: Matching Set 1 printed words to

Set 2 printed words
Test 4: Pic/CR3: Constructing Set 3 words to pictures
Test 5: Pic/PW3: Matching Set 3 printed words to

pictures
PW3/Pic: Matching pictures to Set 3 printed

words
Test 6: PW1/PW3: Matching Set 3 printed words to

Set 1 printed words
PW3/PW1: Matching Set 1 printed words to

Set 3 printed words
Test 7: PW2/PW3: Matching Set 3 printed words to

Set 2 printed words
PW3/PW2: Matching Set 2 printed words to

Set 3 printed words

Training with Set 2 (canine, feline, avian); repeat tests

Pic+PW2/Pic: Matching pictures to complex samples

(pic + Set 2 words)
Pic+PW2/CR2: Constructing Set 2 words to complex

samples (pic + Set 2 words)
Pic/CRi: Constructi Set i words to pictures
PW1/Pic: Matching pictures to Set printed words

Pic+PWI/Pic: Matching pictures to complex samples

(pic + Set words)
Pic+PWI/CRI: Constructing Set words to complex

samples (pic + Set words)

Training with Set 3 (pisces, virgo, taurus); repeat tests

Pic+PW3/Pic: Matching pictures to complex samples

(Pic + Set 3 words)

Pic+PW3/CR3: Constructing Set 3 words to complex

samples (pic + Set 3 words)

Pic+PWI/Pic: Matching pictures to complex samples
(pic + Set words)

Pic+PW1/CP1: Constructing Set 1 words to complex

samples (pic + Set words)

Pic/CRl: Constructing Set 1 words to pictures

PWP/Pic: Matching pictures to Set printed words

Pic+PW2/Pic: Matching pictures to complex samples
(pic + Set 2 words)

Pic+PW2/CRl2: Constructing Set 2 words to complex
samples (pic + Set 2 words)

Note. Figures through 4 illustrate the trial types outlined in

these training and testing conditions.

tions (performances consistent with English-speak-
ing conventions) produced a melodic tune and a

flashing computer screen. In addition, at the end
of each session, subjects received 1 cent for each
correct trial (amount earned displayed on the com-
puter screen at session's end). Trials were separated
by an intertrial interval in which all stimuli were

absent from the display for 1.5 s. Touches to an

incorrect comparison (or letters out of sequence)
produced the intertrial interval followed by the next

trial. The 10 letters in the choice pool always in-
cluded the eight needed to spell Set 1 words (Figure
1). (On other constructed-response trials, the letters
in the choice pool were those that made up the
particular word appearing in the sample and se-

lected letters from the other two words in the set.)
The particular sample stimulus and the positions
of comparison stimuli and letters in the choice pool
varied unsystematically from trial to trial.

Further training with Set 1. Training consisted
of 36 trials with Set 1 stimuli; nine with each of
the four trial types shown in Table 2. Tasks Pic/
CR1 and PW1/Pic involved constructed-response
matching to picture samples and the matching of
picture comparisons to printed-word samples, re-

spectively. Task Pic+PW1/Pic involved matching
pictures to sample stimuli that combined pictures
and printed words; Task Pic+PW1/CR1 involved
constructed-response matching to the same com-

plex samples. These tasks provided a relevant base-
line to which the critical training and test trials were
added in this and subsequent conditions.

Table 2
(Continued)
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Figure 2. Examples of delayed matching trials used in
Phase 1 training with Set 1 stimuli.

For Andy and Bill, these four trial types occurred
first as simultaneous matching tasks, and training
continued until performance in three consecutive
sessions was at least 92% correct under the contin-
gencies used in pretraining; the same criterion was

then applied to zero-delay sessions. Curt received
only zero-delay sessions. Figure 2 illustrates the
zero-delay matching procedure in which a touch to

the sample stimulus removed it from the display
at the same time the comparisons appeared. The
bottom panels illustrate the delayed matching ar-

rangement with the complex-sample trials. After
the sample stimulus was removed from the display,
the comparisons were either three pictures or the
choice pool of letters.

Testing. Testing consisted of a block of three

canIR Se ZianLrts

Test 7: PW2/PW3

is 2irgo trurus

Figure 3. Examples of delayed matching trials used in
Phase 1 testing (delay periods are not illustrated, as in Figure
2, to save space).

consecutive 64-trial sessions (zero delay) without
immediate consequences. However, 64 cents was
given at the end of each session regardless of per-
formance. Subjects were told of these contingencies:
"For the next few days the computer won't jingle
or flash but it will still tell you how much money
you get at the end." During testing, 28 test trials
were mixed with 36 baseline trials. Of the 28 test
trials, 20 involved two each of the 10 matching-
to-sample trial types in Tests 2, 3, 5, 6, and 7 (see
Table 2). The trial types differed across sessions so
that each of the six possible matching relations in
each test was assessed twice (12 total trials for each
test). The eight other test trials in each session were
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Figure 4. Examples of delayed matching trials used in
Phase 1 training with Set 2 and Set 3 stimuli.

word constructions, four each of Tests 1 and 4 (12
total for each).

Figure 3 shows representative trial types from
Tests 1 through 7. For example, at top left is a

Pic/CR2 trial (Test 1): Given the picture of a dog,
and the choice pool of letters, arranging the letters
to spell canine was correct. Task Pic/CR3 (Test
4) involved the same sample, but construction of
the words in Set 3 was assessed. The letters in the
choice pool were those that made up the particular
word being tested and selected letters from the other
two words. The remaining tasks in Figure 3 (and
outlined in Table 2) involved matching pictures
and printed words to one another (e.g., Pic/PW2
and PW3/Pic) and matching printed words from
the three sets to one another (e.g., PW1/PW2,
PW2/PW1, and PW3/PW1).

Training with Set 2; repeat tests. Figure 4
shows the complex-sample trials added to the base-
line. Trial types Pic+PW2/Pic and Pic+PW2/
CR were trained initially by establishing construct-

ed-response matching with only printed words as

sample stimul; the criterion was six consecutive

correct trials. Next, a 36-trial mixture of both com-
plex-sample types (18 of each) was given until one

session of at least 92% accuracy occurred. These
two trial types (six of each) were then combined
with 24 of the Set 1 baseline trials (six of each).
The block of three test sessions was given after

three consecutive baseline sessions were at least 92%
correct.

Training with Set 3; repeat tests. The trial
types Pic+PW3/Pic and Pic+PW3/CR3 (Figure
4) were used in training as described above, and
then were mixed with trials of previously trained
performances. The testing baseline in this phase
consisted of (a) three of each of the four Set 1
baseline trials (Table 2), (b) six of each of the two
complex-sample trials used during the Set 2 train-
ing, and (c) six of each of the trials trained during
this phase. Only Curt and Andy participated in
this phase; Bill was not enrolled in the school at
the time of these conditions.

Results
Training. Pretraining took two sessions for Curt

and Andy and four sessions for Bill. During training
with Set 1, Curt was perfect in three baseline ses-
sions given under the zero-delay procedure. Andy
and Bill met the training criteria in this condition
in six sessions and eight sessions, respectively. With
Set 2, Curt's initial training involved 89 trials, and
the mixed baseline criterion was met in three ses-
sions. For Andy, these measures were 85 initial
training trials and six baseline sessions, and for Bill
139 trials and seven baseline sessions. During train-
ing with Set 3, Curt's initial training took 89 trials
and baseline lasted three sessions. Andy's initial
training took 155 trials and baseline lasted three
sessions.

Testing. Figure 5 shows each subject's probe
data plotted as the number of correct responses (out
of 12) during Tests 1 through 7. The top panel
shows data gathered after the initial baseline train-
ing involving the Set 1 printed words; the middle
and lower panels show data gathered after trained
relations involving Sets 2 and 3, respectively, were
added to the testing baseline. The first three sets
of bars (reading left to right) represent test perfor-
mances derivable from training with Sets 1 and 2;
the remaining four sets of bars reflect outcomes
linked to training Sets 1, 2, and 3.

The top panel of Figure 5 shows that test scores
for all 3 subjects initially ranged from 0 to 6 (e.g.,
Curt and Bill on Tasks PW1/PW2 and PW2/
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12] After Training with Set 1 (dog, cat, owl)

After Training with Set 2 (canine, feline, avian)

cc ~~~~~Curt EMAndy 5a

After Training with Set 3 (pIsces, virgo, taurus)

TestiTet Tet T itT itT itet

TEST CONDITIONS

Figure 5. Subjects' performance on Phase 1 tests as a
function of training applied to three sets of stimuli. Bars
represent number of correct trials out of 12 for a given trial
type tested. Trial types used in each test are listed along the
abscissa. (Bill was unavailable for tests denoted by an as-
terisk.)

PW1). The middle panel shows that after training
with Set 2, scores for all subjects improved to 10
correct trials or better on Tests 1 through 3, the
tasks involving Sets 1 and 2. In contrast, perfor-
mance on the remaining tasks, which involved Set
3, was low for all 3 subjects. However, the per-
formance of Curt and Andy on these tasks im-
proved markedly after they were trained on rela-
tions involving Set 3 printed words (bottom panel).

Phase 2 Procedure
The purpose of Phase 2 was (a) to assess con-

structed-response spelling of words in Sets 2 and
3 given spoken words as sample stimuli, and (b)
to assess relations among spoken samples and either
pictures or printed words as comparisons. Positive
results would demonstrate an additional spelling
performance that was not taught directly and would

suggest that spoken words had been added to the
existing equivalence classes. Table 3 outlines the
procedures.

Training. The delayed matching baseline in-
cluded the six trial types (three trials of each) dis-
playing picture or printed-word samples as shown
in Figure 2 (bottom panels) and Figure 4. The
baseline also included the four auditory-visual trial
types depicted in Figure 6 (six of each). Auditory
samples were repeated every 2 s until the blank
(black) sample area was touched. The touch to the
sample area terminated the auditory stimulus and
turned the sample area to white. This 42-trial base-
line was presented until 93% accuracy occurred for
three consecutive sessions under continuous rein-
forcement.

Testing. Figure 7 illustrates the test displays,
and Table 3 outlines the 10 trial types that were
arranged into the five tests given. Each of two
consecutive test sessions involved 30 test trials (three
of each of the 10 trial types) and 42 baseline trials.

Results
The baseline criteria were reached in four sessions

by Curt and Andy. Figure 8 shows that the per-
formance of both subjects was nearly perfect across
all test conditions.

DISCUSSION

The present results recommend delayed identity
matching to complex samples as a method to teach
spelling and relations among pictures and printed
words. The procedure offers an alternative to
prompt-fading methods for teaching constructed-
response spelling (Dube et al., 1991). The findings
also extend prior studies of stimulus equivalence
between pictures and their printed and spoken names
(Sidman, 1971; Sidman & Cresson, 1973) and the
analysis of spelling performances (Mackay, 1985;
Mackay & Sidman, 1984; Stromer, 1991). Finally,
the results contribute to the development of pro-
cedures for establishing an integrated set of rudi-
mentary language performances (Stromer et al.,
1992).

In Phase 1, we established delayed matching
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Table 3
Outline of Procedures and Trial Types Used in Phase 2

Training
"Wrdl"/Pic: Matching pictures to Set 1 spoken words
"Wrdl"/PW1: Matching Set 1 printed words to Set 1

spoken words
-Wrd2"/PW2: Matching Set 2 printed words to Set 2

spoken words
"Wrd3"/PW3: Matching Set 3 printed words to set 3

spoken words
Pic+PWI/Pic: Matching pictures to complex samples

(pic + Set 1 words)
Pic+PWI/CRI: Constructing Set 1 words to complex

samples (pic + Set 1 words)
Pic+PW2/Pic: Matching pictures to complex samples

(pic + Set 2 words)
Pic+PW2/CR2: Constructing Set 2 words to complex

samples (pic + Set 2 words)
Pic+PW3/Pic: Matching pictures to complex samples

(pic + Set 3 words)
Pic+PW3/CR3: Constructing Set 3 words to complex

samples (pic + Set 3 words)
Testing

Test 1: "Wrd 2"/CR2: Constructing Set 2 words to spo-
ken words

"Wrd3"/CR3: Constructing Set 3 words to spo-
ken words

Test 2: "Wrd2"/Pic: Matching pictures to Set 2 spoken
words

"Wrd3"/Pic: Matching pictures to Set 3 spoken
words

Test 3: "Wrdl"/PW2: Matching Set 2 printed words
to Set 1 spoken words

"Wrdl"/PW3: Matching Set 3 printed words
to Set 1 spoken words

Test 4: -Wrd2"/PWl: Matching Set 1 printed words
to Set 2 spoken words

"Wrd3"/PWI: Matching Set 1 printed words
to Set 3 spoken words

Test 5: 'Wrd2"/PW3: Matching Set 3 printed words
to Set 2 spoken words

-Wrd3"/PW2: Matching Set 2 printed words
to Set 3 spoken words

Note. Figures 6 and 7 illustrate the trial types outlined in these
training and testing conditions.

performances that induded trials in which a picture
and a printed word served simultaneously as sample
stimuli. The potential for equivalence dasses existed
because these sample elements may become related
to one another and each of the different complex
stimuli contained a common picture element (cf.
Stromer & Stromer, 1990a, 1990b). Indeed, the
test data suggest that a history with the complex-

Task 'rd2"/PW2 Tnask "Wrdl"/PW3

cai flne ava nijg Virgo uWM

Figure 6. Examples of delayed matching trials in Phase
2 training.

sample trials engendered new relations among pic-
tures and printed words: (a) Word construction
was accomplished in response to the pictures alone
(Tests 1 and 4), and (b) printed words and pictures
were matched to one another (Tests 2 and 6).

Test 1: wWrd2"/CR2

Ia a ..

Figure 7. Examples of delayed matching trials in Phase
2 testing.
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CF) Auditory-Visual Matching

0 1-
0 6- E
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Test

TEST CONDITIONS
E Curt 0: Andy

Figure 8. Subjects' performance on Phase 2 tests follow-
ing all teaching conditions. Bars represent number of correct
trials out of 12 for a given trial type tested. Trial types used
in each test are listed along the abscissa. (Bill was unavailable
for these tests.)

Previous research suggests that either constructing
or matching words to pictures suffices to establish
equivalence relations (Mackay, 1985; Mackay &
Sidman, 1984; Sidman, 1971; Sidman & Cresson,
1973).
The emergent performances demonstrated in

Tests 3 and 7 of Phase 1 suggest that the relations
between the different printed words of each set were

symmetrical and transitive. The test outcomes thus
support the inference of equivalence class forma-
tion: Each of three classes consisted of a picture
(e.g., dog) and three printed words (e.g., dog, ca-

nine, and pisces). The properties of equivalence
then made it possible to expand each class by re-

lating a new stimulus to an existing class member
(e.g., Sidman, Kirk, & Willson-Morris, 1985). This
was accomplished in Phase 2 by first training a

relation between a spoken word (e.g., "canine")
and a member of each equivalence class (e.g., ca-

nine). Next, class expansion was verified by the
emergence of relations not explicitly taught (e.g.,
in Test 3 by matching canine and pisces to "dog").
The test results suggest that each of the classes

established in Phase 1 now included three spoken
words (e.g., "dog," "canine," and "pisces ).

The internal validity of the study could be ques-

tioned because in Phase 1 the design was only a
two-tier multiple baseline and in Phase 2 the emer-
gent relations were only posttested. However, the
potential influence of extraexperimental variables
was minimized by studying some matching rela-
tions that had no basis in everyday experience (those
involving zodiac names). By doing this, of course,
we raise concerns about external validity. In ret-
rospect, we probably would have achieved the same
results by using a name for each of the animals
(e.g., Rover, Goldie, and Snowy), as in reading
primers, rather than arbitrarily assigned zodiac
names. Alternatively, the dasses studied here could
include printed and spoken words from languages
other than English, classes of numerical stimuli, or
naturally occurring language categories (e.g., fruits
and vegetables). Our future research will conduct
more formal analyses of the procedures with edu-
cationally relevant stimuli such as these.

The present delayed matching procedures may
have ensured discrimination of all sample elements
and discouraged the selective stimulus control that
often appears in the performance of children with
specific or general developmental delays (e.g., Bai-
ley, 1981; Lovaas, Koegel, & Schreibman, 1979).
In particular, our procedures may have limited the
potential for pictures to "block" control by printed
words (Singh & Solman, 1990) because we (a)
established identity word construction performance
before training with complex samples and (b) re-
quired both picture matching and word construc-
tion to the complex samples. These methods also
have been effective for students with moderate men-
tal retardation (Stromer & Mackay, in press). We
acknowledge, however, possible limitations with
students functioning at lower levels. Data from our
laboratory suggest that many students with mental
retardation lack the prerequisites for acquiring the
baselines used in the present study. A research pri-
ority is to discover those prerequisites.

Equivalence classes might well emerge even if
the present general procedure required only identity
matching of pictures and printed words. However,
it is unlikely that such a procedure would produce
word constructions. For example, subjects in the
study by Stromer and Mackay (1992) could match
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pictures and printed words to their spoken names,
and could match the pictures and printed words
to one another. They could not, however, construct
the words in response to the pictures or the spoken
words. Matching-to-sample trials could be arranged
to require discrimination of individual letters and
their order just as in the construction procedure.
For example, with the word dog as the sample, the
comparisons might be dog, dig, dot, and so on. If
a student learns to make such discriminations, word
constructions and other forms of spelling (e.g., writ-
ten and oral) may occur. In contrast, word-con-
struction methods have the advantage of teaching
directly the left-right sequencing required in spell-
ing, can accomplish the same outcomes, and are
implemented relatively easily.

"True" spelling requires that the letters ofa word
function as a unitary or compound stimulus. The
unique arrangement of letters makes a word dis-
criminable from all other words. In contrast, the
construction procedure could establish perfor-
mances involving only rote sequences of letter se-
lection under the control of the particular letters
available in the choice pool on a trial. Some word-
construction tasks clearly required conditional dis-
crimination because the letters for spelling all words
in a set were available on every trial (e.g., Set 1).
However, the letters in the choice pools were limited
on other trials, making it possible to spell only one
training word (e.g., Set 3). The matching-to-sam-
ple data do not clarify this aspect of performance
because the matching procedures did not require
discrimination of each letter of the printed words
and their order. The use of the computer keyboard
as the response device may circumvent the foregoing
constraints because all letters of the alphabet are
available on every trial (e.g., Stevens, Blackhurst,
& Slaton, 1991). However, the demands of op-
erating the keyboard will exclude some students
from its use.

Word-construction methods may lend them-
selves to teaching many behaviorally limited stu-
dents, and the inclusion of written and oral tests
could verify true spelling as an outcome perfor-
mance. Initial assessments of this possibility have
been successfuil (Stromer & Mackay, 1992, in press).

The results of one of these studies (Stromer &
Mackay, in press) also support prior observations
suggesting that equivalence-based teaching proce-
dures may yield emergent naming performances
(Mackay, 1985; Mackay & Sidman, 1984; Sid-
man, 1971; Sidman & Cresson, 1973). These and
the present results suggest that stimulus equivalence
concepts and methods provide a valuable frame-
work for analyzing language performances involv-
ing pictures, printed words, and dictated names (cf.
Stromer et al., 1992).
A major benefit of this approach is its economy

of teaching; a tremendous amount of new behavior
occurs after only a few skills are trained directly.
Such findings contribute to the development of a
technology for teaching generative academic per-
formances (cf. Alessi, 1987; Mackay, 1991; Stokes
& Baer, 1977; Stromer, 1991). The analysis also
has implications for how language arts are taught.
For example, establishing equivalences between
spoken words, pictures, and printed words alone
may not ensure reading and spelling (Stromer,
1991). Further, the addition of reading to such
equivalences may or may not yield spelling (Lee &
Pegler, 1982; Stromer, 1991; Stromer & Mackay,
1992). In contrast, an explicit focus on spelling
from the outset can yield both equivalences and
reading (Mackay, 1985; Mackay & Sidman, 1984;
Stromer & Mackay, in press). Such a focus goes
against traditional practice in the early grades but
may be crucial if all children are to benefit fully
from instruction that seeks to establish integrated
repertoires of language arts skills (cf. Tierney &
Shanahan, 1991).
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